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Previous studies demonstrated that human circufating monocytes can proliferate in vitro when incubated 
with lectin-induced factor(s) from lymphacytes [(1985) Biochem. Biophys. Res. Commun., in press]. This 
study shows that human monocytes were induced to proliferate when incubated with la,2Sdihydroxyvita- 
min D3 (calcitriol) at physiological concentrations. The optimal dose was about 10 nM. Proliferative activity 
was examined both by measuring the 13H]thymidine incorporation and by counting cell nuclei. Among other 
derivatives of vitamin D, 1~~24R~~hydroxy~~itamin D, and 1~,24R,25-t~hydroxyvitamjn D, stimulated mi- 
totic activity of monocytes. Addition of both catcitriol and lectin-stimulate lymphocyte~onditioned medi- 
um to the monocyte culture had an additional effect on the mitotic activity of monocytes. 
lu,2~-Dihyr~rro~~~vitamin D, Calcitriol Vitamin D, 
It is not known whether human circulating 
monocytes are capable of undergoing cell division 
f2,3], Since same studies reported that human cir- 
culating monocytes are minimally labeled with 
[3H]thymid~ne [4,5], it has been generally accepted 
that they do not divide under normal circum- 
stances. Van Furth et al. [S] suggested that precur- 
sors of monocytes in the bone marrow, pro- 
mono&~es, actively divide but that human cir- 
culating monocytes are nondividing under normal 
circumstances, While studying an assay system for 
human circulating monocyte-growth factor 
(MoGF) [1], we found that la,25_dihydroxyvita- 
min DS (calcitriol), the naturally occurring hor- 
monal form of vitamin Dst induces the prolifera- 
tion of human circulating monocytes in vitro, 
Abbreviations: 1,25(OH)zDs, la,25-dihydroxyvitamin 
DL IDS la-hydroxyvitamin D3; 25(OH)D3, 
25-hydroxyvitamin Ds; 1,24(OW)2D3, llu,24R-dihydrox- 
yvitamin D,; 1,24,2SfOH)3D3, lar,24R,25-trihydroxyvi- 
tamin D3; MoGF, monocyte-growth factor; PHA, phy- 
tohemaggiutin~n antigen; PHA-LCM, PHA-stimuIated 
lymphocyte-canditioned medium 
Monocyte Macrophage Monocyte-growth factor 
2. MATERIALS AND METHODS 
2.1, Preparation and incubation of monocytes 
Monocytes were isolated and incubated as in 
f1,6], except that monocytes were isolated from 
mononuclear cells after overnight incubation in 
macrophage-separating plates (MSP; Jimro, 
Japan). Mononuclear cells from healthy adult 
volunteers were placed in macrophage-separating 
plates (107 cells/plates) in RPM1 1640 medium 
containing 10% autologous serum and incubated 
overnight in a chamber ff ushed with 5% CUz-95% 
air at 37°C. Non-adherent cells were removed by 
repeated pipetting and washing. The adherent cells 
were treated with 0.02% EDTA dissolved in 
phosphate-buffered saline (PBS) for 30 min at 
4°C The remaining cells were harvested by 
vigorous pipetting and were washed twice with 
PBS More than 98vo of the harvested cells were 
monocytes, judged by positive a-naphthylbutyrate 
esterase reaction [7] and phagocytosis of latex par- 
ticles IS]. The harvested cells were incubated (4 x 
104/weil; 24-well plate, Falcon 3047) in RPM1 1640 
medium containing 10% autologous serum. 
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2.2. Measurement of mitotic activity of human 
monocytes 
Mitotic activity was examined by measuring 
[3H]thymidine incorporation into cultured mono- 
cytes as reported [1,6]. After monocytes were 
pulse-labeled with [3H]thymidine (0.5 &i/well; 
spec. act. 6.7 Ci/mmol) for the last 18 h of incuba- 
tion, radioactivity in the harvested cells was 
measured. Monocytes were incubated for 9 days 
unless stated otherwise. The nuclei of monocytes 
were counted as described [9]. All determinations 
were performed in triplicate cultures, and all ex- 
periments were performed at least 3 times. 
2.3. ~~e~~ica~s, or~no~es and other materials 
Calcitriol and other derivatives of vitamin D3 
were gifts from Dr Y. Nishii, Chugai Pharma. Co. 
Ltd, and were dissolved in ethanol in the absence 
of oxygen, The final concentration of vehicle 
ethanol in culture medium was 0.5%. Addition of 
0.5% ethanol to the monocyte culture had no 
significant effect on the mitotic activity. Testos- 
terone, prostaglandin E I, dexamethasone and 
retinoic acid were purchased from Sigma, St. 
Louis, USA. Human parathyroid hormone (l-44) 
and human calcitonin were purchased from Pep- 
tide Institute, Osaka, Japan. PHA-stimulated 
human lymphocyte-conditioned medium (PHA- 
LCM) was prepared as reported [l]. 
3. RESULTS AND DISCUSSION 
Calcitriol induced the proliferation of mono- 
cytes in culture (fig.1). The optimal effect appears 
to be at about 10 nM, as shown in fig.2. Mono- 
cytes incubated with 10 nM calcitriol began to 
show enhanced [3H]thymidine incorporation after 
the fourth day of culture and maximal [‘Hlthymi- 
dine uptake was observed on the ninth day 
(fig.lA). The number of cell nuclei increased up to 
3-times that of the control culture on the tenth day 
(fig.lB). Mitotic figures of the large adherent cells 
were frequently observed during the second week 
of the culture. More than 99.0~0 of the adherent 
cells on the ninth day of culture were macro- 
phages, as judged by positive lu-naphthylbutyrate 
esterase reaction and phagocytosis of latex par- 
ticles. 
Proliferation of monocytes was also observed by 
the addition of a physiological concentration 
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Fig.1. Time course of proliferation of monocytes in 
culture. Monocytes were incubated for up to 12 days: 
(A) [3H]thymidine incorporation into adherent cells was 
counted every day and (B) cell nuclei were counted every 
other day in the presence of 0.1 nM (s), 10 nM (0) or 
vehicle (0.5% ethanol) (A). In another experiment, 
10 nM calcitriol was added to the monocytes that were 
incubated for 4 days without calcitriol (a) and 
[3H]thymidine incorporation (0) was measured every 
day. Data are means + SD of triplicate cultures of one 
experiment. 
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(0.1 nM) of calcitriol (figs 1B and 2). However, l(OH)D3 and 25(OH)D3 failed to show such activi- 
there was no significant increase in the number of ty. These data correlate well with the previous 
cell nuclei in the control cultures without calcitriol, study of Suda and Tanaka [lo, 111, who examined 
although a small increase in the [3H]thymidine up- the binding affinity of vitamin D3 derivatives for 
take was observed. This increase may be attri- their receptors in myeloid leukemic cell line. They 
butable to endogenous calcitriol in the autologous reported that 1,25(OH)zD3 and 1,24(OH)zD3 have 
serum used for the monocyte culture, since the maximal binding affinity and were most potent in 
promoted uptake of [3H]thymidine was observed inducing differentiation, followed successively 
at as little as 0.01 nM, about one tenth of the by 1,24,25(OHhD3, 25(OWD3, l(OHP3, 
serum calcitriol concentration. 24,25(OH)zD3. 
Fig.2 demonstrates the dose effect of calcitriol 
and PHA-LCM. Calcitriol and PHA-LCM ap- 
peared to have optimal effects at 10 nM and 20%, 
respectively. PHA-LCM promoted the mitotic ac- 
tivity of monocytes even in the presence of an op- 
timal dose (10 nM) of calcitriol. 
Among the derivatives of vitamin D3, 1,24- 
(OH)2D3 and 1 ,24,25(OH)3D3 stimulated mitotic 
activity of monocytes as much as calcitriol (fig.3). 
Other hormones or chemicals, such as 
parathyroid hormone, calcitonin, dexamethasone, 
retinoic acid, testosterone and prostaglandin El, 
failed to promote the growth of monocytes (table 
1). It is suggested that the activity to stimulate the 
proliferation of monocytes in culture may be 
limited to the biologically active form of vitamin 
D3. 
The results raise the question as to why it takes 
4 days for the calcitriol-treated monocytes to begin 
proliferation. We thought that this delay may be 
due to the immaturity of monocytes in early 
(1 I I 
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Fig.2. Monocytes were incubated with various 
concentrations of calcitriol (o), PHA-LCM (A) or both 
20% PHA-LCM and 10 nM calcitriol (x). 
[3H]Thymidine incorporation was measured on the 9th 
day of culture. Data are means f SD of triplicate 
cultures of one experiment. 
Fig.3. Monocytes were incubated with 0.1 nM (hatched 
bars) or 10 nM (unhatched bars) of 1,25(OH)zD3, 
l(OH)Dj, 25(OH)Dj, 1,24(OH)zD3, 24,25(OH)zDj, 
1,24,25(OH)3D3 or 0.5% ethanol (control). [3H]Thy- 
midine incorporation into monocytes was measured on 
the 9th day of culture. Data are means f SD of triplicate 
cultures of one experiment. 
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Table 1 






(dpm/well + SD) 
Control 
Human parathyroid 
517 * 79 
hormone (l-44) 100 ng/ml 511 2 129 
Human calcitonin 3pM 317 -t 50 
Dexamethasone 0.1 nM 496 ” 79 
10 nM 316 i 123 
Retinoic acid 0.1 nM 571 + 31 
10 nM 541 + 69 
Calcitriol 10 nM 4891 f 630 
Testosterone 0.1 nM 591 f 59 
10 nM 498 * 50 
Prostagiandin Et 0.1 pM 620 f 142 
lO/tM 475 -+ 49 
Monocytes were incubated with 10% autologous serum. 
13H]Thymidine incorporation into monocytes was 
measured as described in section 2. Each value 
represents mean rt SD of triplicate cultures of one 
experiment 
culture. This notion led us to examine the effect of 
calcitriol on monocytes that were incubated for 4 
days prior to addition of calcitriol. Within 24 h of 
incubation, calcitriol-treated monocles showed 
significantly more [3H]thymidine uptake than un- 
treated monocytes (fig.lA). The monocytes freshly 
isolated from peripheral blood may be too im- 
mature to proliferate and in vitro maturation of 
monocytes may be associated with their prolifera- 
tion. 
Another question to arise is why addition of 
both calcitriol and PHA-LCM had an additive ef- 
fect on the mitotic activity of monocytes. It is 
possible that calcitriol may stimulate mitosis of 
monocytes by a mechanism different from that of 
lymphocyte-derived MoGF. We thought that 
calcitriol may stimulate mitosis of monocytes by 
inducing the secretion of their own MoGF, for 
preliminary data showed that the MoGF activity 
was present in calcitriol-treated monocyte-culture 
medium. The MoGF activity was present even 
after repeated dialysis of the culture medium for 
several days (not shown). However, it is difficult to 
demonstrate the presence of their own MoGF 
12 
because MoGF activity in the medium may be due 
to the presence of calcitriol in the serum of the 
culture medium. Calcitriol is known to be a pro- 
moter of differentiation in myeloid leukemic cell 
clones because calcitriol induces them to differen- 
tiate into mature macrophages or phagocytes with 
a bone resorbing function f12-151. Moreover, it is 
demonstrated that calcitriol plays a critical role in 
the formation of multinucleated giant cells by pro- 
moting fusion of macrophages [161. These results 
suggest hat calcitriol is a promoter of differentia- 
tion that induces myeloid precursors into mature 
phagocytes or osteoclasts. However, the pro- 
liferative effect of calcitriol on cells of myelocyte- 
macrophage lineage has not yet been reported. Our 
study suggests that calcitriol is, in normal human 
circulating monocytes, a potent stimulator of 
proliferation. 
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